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Abstract 
This paper describes the results of developing and using a library of graphic symbols for components of power equipment under the state 
standards GOST 21.403-80 “Power Equipment” and GOST 2.789-74 “Heat Exchangers”. The library is implemented in the SVG (Scalable 
Vector Graphics) format. The obtained solutions are in line with the well-known studies on creating libraries of parametrical fragments of 
symbols for elements of diagrams and drawings in design systems for various industrial applications. The SVG format is intended for use in 
web applications, so the creation of SVG codes for power equipment under GOST 21.403-80 and GOST 2.789-74 is an essential stage in the 
development of web programs for the thermodynamic optimization of power plants. One of the major arguments in favor of the SVG format 
is that it can be integrated with codes. So, in process control systems developed based on a web platform, scalable vector graphics provides 
for a dynamic user interface, functionality of mimic panels and changeability of their components depending on the availability and status of 
equipment. An important reason for the acquisition and use of the SVG format is also that it is becoming the basis (recommended for the time 
being, and mandatory in future) for electronic document management in the sphere of design documentation as part of international efforts 
to standardize and harmonize data exchange formats. In a specific context, the effectiveness of the SVG format for the power equipment 
arrangement has been shown. The library is intended for solution of specific production problems involving an analysis of the power plant 
thermal circuits and in training of power engineering students. The library and related materials are publicly available through the Internet. 
A number of proposals on the future evolution of the library have been formulated. 
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 Introduction 
Nowadays, the evolution of computer-aided design sys-
tems follows a “text + code” paradigm, which suggests textual
representation of drawings and its integration with codes for
design computations. Such approach eliminates a great deal
of bottlenecks resulting both from the conventional paper-
based technology for the handling of design documentation,
and from computerization of design activities [1] . This also
offers a number of opportunities: E-mail address: anatoliy.yuferov@mail.ru . 
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2452-3038/Copyright © 2016, National Research Nuclear University MEPhI (Mo
B.V. This is an open access article under the CC BY-NC-ND license ( http://creati– handling of a drawing as of a database containing graphic,
numerical and textual elements; 
– validity, consistency and verifiability of design documenta-
tion through the application of verification software to the
drawing database; 
– adaptability of drawings, repeated use thereof and manage-
ment of the libraries of drawings (this minimizes the labor
input in drafting, provides for the integrity of documenta-
tion, and simplifies its support and modification); 
– parameterization, scaling, automatic display of dimen-
sions and design parameters (weights, volumes, etc.) on
the drawing using, for instance, DOM ( Document Object
Model ), a standard open technology; 
– unification of mimic panels and drafting graphic elements,
automatic generation of installation diagrams based on
schematics, etc.; scow Engineering Physics Institute). Production and hosting by Elsevier 
vecommons.org/licenses/by-nc-nd/4.0/ ). 
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ponents. – automatic generation or updating of design documentation
based on results of optimization design analyses; 
– support, as part of a unified technology and a unified lan-
guage environment, of all product description levels at all
stages of the product lifecycle (schematic, assembly draw-
ing, installation drawing), as well as of all types of design
and operating documentation using, for instance, GOST R
ISO 10303 standards (STEP or STandard for Exchange of
Product model data ), which include the EXPRESS object-Fig. 1. A reactor with designatio
Fig. 2. A separator of aoriented language implementing the EDI/XML ( Electronic
Data Interchange/ Extensible Markup Language ) technol-
ogy for the product model description at different stages
of the product lifecycle; 
– use of a dynamic graphic interface in automatic process
control systems, functionalization of mimic panels, and
modification of the composition (configuration) thereof de-
pending on the availability and status of equipment com-n of the number of loops. 
n RBMK reactor. 
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o  Prospects of the SVG format in CAD 
The first step towards the solution of the above problems
is to use a text format for representation of drawings. The
SVG format is a perfect choice for this [2,3] . Quite naturally,
the existing drawing formats are also more or less capable to
ensure that the above requirements are met. However, what
makes the SVG format the preferred option is its simplic-
ity, openness, extensive supportability, and compatibility withFig. 3. A bubb
Fig. 4. A nuclear reactor coother standards and, especially important today, with web-
ased technologies. This is where the SVG format is advan-
ageous to the well-known CAD file formats, which (for the
easons explained by the creation and development history of
hese formats) require nowadays a great deal of efforts for
he integration of drawings with external codes and with the
OM-technology, or for the remote editing of drawings. 
A still more important reason for the acquisition and use
f the SVG format is that it is gradually becoming the basisler tank. 
lant pressurizer (steam). 
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Fig. 5. A primary circuit deaerator. 
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orecommended for the time being, and mandatory in future)
or electronic document circulation in the sphere of design
ocumentation for different industries. This is explained by an
bvious need for standard unified formats for the international
xchange of data, specifically of drawing data. 
Unlike other graphic formats, the SVG format is fairly
imple to import into codes for dynamic representation of
umerical information. 
The paper describes the implementation of graphic sym-
ols for power equipment, as specified in the state standards
OST 21.403-80 “Power Equipment” and GOST 2.789-74 
Heat Exchangers” and used in a number of studies on opti-
ization of power equipment [4–13] . The motivation for the
reation of the library described herein was to provide graphic
ools for the web-based analogs of well-known programs for
hermodynamic optimization of power plants [14–16] . 
VG codes for reactor equipment 
SVG codes of graphic symbols for some of the reactor
quipment components, as specified in GOST 21.403-80, are
resented as examples of the SVG format application: a reac-
or with the designation of the number of loops ( Fig. 1 ); a sep-
rator of an RBMK reactor ( Fig. 2 ); a bubbler tank ( Fig. 3 );
 nuclear reactor coolant steam pressurizer ( Fig. 4 ); a pri-
ary circuit dearator ( Fig. 5 ). The codes for the rest of the
raphic symbols, as specified in GOST 21.403-80 and GOST
.789-74, are available on the described library’s website. 
xample of the drawing layout 
The SVG file shown in Fig. 6 presents tools for the thermal
ircuit arrangement using the available graphic symbols. The
espective drawing is shown in Fig. 7. 
A graphic symbol is recorded as an individual object with
ts elements contained in the tags of the group < g > < /g >
ith the indication of the appropriate group name. The set of
uch graphic symbols required for the creation of a particularrawing is stored in the SVG file, enclosed within the < defs >
 /defs > tags. This makes the set invisible, but makes it pos-
ible to select graphic symbols from the set according to their
ames and then copy the symbols in the required quantities to
nsert them into the desired drawing positions. For example,
sing this approach, the VVER primary circuit diagram can
e described in three lines: 
< use xlink:href = "#PWR" x = "30" y = "10"/ > 
< use xlink:href = "#GCN" x = "45" y = "55"" / > 
< use xlink:href = "#PWR_steam_generator" x = "110" 
y = "-5" / > . 
The SVG code presented in Fig. 6 is integrated with the
omputational module simulating deviations of the steam gen-
rator outlet temperature and pressure from rated values. The
isplay of the current calculated values is enabled via peri-
dic programmed refreshment of the web page into which the
VG code is embedded. 
Once created, an SVG drawing may be repeatedly im-
roved in different aspects and complemented with details
nd scenarios, or may be recorded as an independent object
o that it could be inserted into other drawings. The required
anipulations are performed using a graphic editor or in the
ext of the respective SVG file programmatically or manu-
lly. This is where the SVG format has a major advantage
ver other vector formats which require a specific processing
nvironment. 
In practice, with a drawing of a particular category, e.g. a
ower plant thermal circuit diagram, the draftsman develops
 specific marking defining the potential positions and con-
ections of graphic elements (a mesh of graphic symbols).
n the SVG technology, the generation of a graphic symbol
esh is trivial. With such a standard marking being avail-
ble, complicated layouts may be generated using only a text
ditor to specify the grid cell and the graphic symbol to be
ositioned in it. The description of the required graphic sym-
ol may be stored in an external (library) file. An example
f such graphic symbol positioning is shown in Fig. 8. 
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Fig. 6. SVG file for the simplified diagram of the VVER reactor primary circuit. 
Fig. 7. An example of the drawing display in the browser. 
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 For convenience, the graphic symbol connections may be
pecified on a separate finer mesh. Conspicuously, however,
see Fig. 8 ) certain calculations will be needed to avoid the
rid cell displacements caused by the non-zero width of the
arking lines. The SVG format makes it possible to incorpo-
ate the module for such calculations directly into the SVG
le. Alternatively, measuring grids can be used, all dimen-
ions of graphic symbols in which are specified in the grid
pacings. 
onclusion 
The results of the study are as follows. 
1. A library of graphic symbols for components of power
equipment, as specified in the state standards GOST
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Fig. 8. An example of the graphic symbol positioning on the grid. 
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[  1.403-80 and GOST 2.789-74, was created in the SVG
format. 
2. A website has been created which allows free access to the
library’s current version. Individual drawings are available
for preview at: 
html:// 178.215.91.20/ eo , 
and the whole of the library is downloadable from: 
ftp:// 178.215.91.20/ eo . 
3. The website contains materials with explanations on par-
ticular language structures used in the study to prepare
SVG files and regarding the development of power equip-
ment diagrams using SVG graphic symbols. Also, recom-
mendations are provided for specifying the optimal display
domain for the drawing in the browser, for specifying di-
mensions and for using Cyrillic fonts in SVG codes. 
4. To simplify the arrangement of diagrams and drawings us-
ing standard elements, a concept of embedded scaling grids
has been proposed. 
Further objectives in the use of the SVG format for the
escription, visualization and design of power equipment di-
grams are as follows. 
1. Creating a library of graphic symbols modified with regard
for the practical generation of power equipment diagrams.
Specifically, the graphic symbol geometry needs to be im-
proved as applied to their use on standard grids to simplify
the scaling and creation of connections. 
2. Creating animated (rotation, scaling, flood filling, dynamic
text, etc.) graphic symbols for power equipment compo-
nents to support design and drafting problems. 
3. Adaptation of local and web-based SVG file editors for
the generation of power plant diagrams, that is, accumu-
lation of templates and scenarios in the respective editor’s
environment. 
4. Integration with factual databases of power plants. 
5. Integration of GOST R ISO 10303 with the EXPRESS
language to enable description of product models. Both
technologies are based on the XML language, which facil-
itates the task. 6. In future, such standards as GOST 21.403-80 and GOST
2.789-74, which specify the type of some graphic elements,
shall be supported by respective computer codes of these
elements in different formats. 
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